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FIGURE 2 Elements of holistic assessment included in current research (After Saxe 
et al., 2015). 	
 Calculations 3.









TABLE 1 Concrete and rebar use for Sheppard Stations (Toronto Transit 
Commission, 2013) Station	Name	 Total	Concrete	(m3)	 Total	Rebar	(tonnes)	Sheppard-Yonge	Station,	Cross-over	&	Wye	Structures	 82,500	 14,362	Bayview	Station	&	Cross-over	Structures	 39,975	 5,400	Bessarion	Station	 20,856	 3,420	Leslie	Station	 37,130	 3,548	Don	Mills	Station,	Cross-Over,	Tail	Track	Structures	&	Parking	Deck		 55,000	 6,026		
3.1.3. Estimate of capital GHG 	Overall,	the	construction	of	the	Sheppard	Subway	Line	required	358,851	m3	of	concrete	and	40,000	tonnes	of	rebar	(Toronto	Transit	Commission,	2013).	These	equate	to	GHG	emissions	of	96,482	tCO2e	for	the	concrete	and	rebar	use	alone.	The	concrete	and	steel	rebar	assessed	here	is	assumed	to	contribute	the	bulk	of	the	construction	material	GHGs.	Materials,	however,	are	not	the	only	contributors	to	construction	GHG.	In	an	assessment	of	Crossrail	in	London,	the	material	use	accounts	for	57.6%	of	the	total	GHG	emissions	(Paris	&	de	Silva,	2010).	Assuming	this	relationship	holds	for	the	Sheppard	Subway,	the	total	GHG	emissions	for	the	Sheppard	Subway	Line	are	167,503	tCO2e.		The	Sheppard	Subway	took	eight	years	to	construct	equating	to	an	annual	average	GHG	impact	of	20,938	tCO2e/year.	





FIGURE 3 The GHG intensity of studied travel (VandeWeghe & Kennedy, 2007; 
Toronto Transit Commission, 2014a, 2002, 2006, 2011, 2014c; City of Toronto, 2014)  

























FIGURE 4 Net GHG saved through Sheppard ridership (Data ManagementGroup, 
2001, 2006, 2011; Statistics Canada, 2001, 2006a, 2011a; Toronto Transit Commission, 
2014a, 2014c; Traffic Data Centre and Safety Bureau, 2014c, 2014a, 2014b) 		Induced	demand	may	have	significantly	reduced	the	actual	impact	of	any	shifted	travel.	If	100%	of	the	shifted	automobiles	were	replaced	by	induced	demand	the	net	impact	of	the	metro	would	have	been	a	GHG	increase	of	29.4	ktCO2e.		The	literature	indicates	that	an	induced	demand	of	30%	is	common	(Graham	&	Glaister,	2004).	Assuming	a	30%	rebound	in	automobile	traffic,	the	net	GHG	impact	of	ridership	on	the	Sheppard	Subway	Line	produces	a	savings	of	30.2	ktCO2e	from	2003	to	2011.				
3.4. GHG savings from residential density 
















































3.4.2. Relationship between residential density and 
energy use/greenhouse gases 	Increasing	land	use	intensity	through	higher	concentration	of	residences	is	a	path	to	reducing	energy	use	and	associated	GHG	emissions	(Clark,	2013).	Bigger	houses	tend	to	use	more	energy.	This	is	due	to	many	factors,	including	the	increased	conditioning	loads	associated	with	larger	volumes	and	the	greater	exposed	skin	to	volume	ratio	associated	with	freestanding	homes	(Ewing	&	Rong,	2008;	Ko,	2013;	Steemers,	2003).	With	land	use	intensification,	interior	building	volumes	tend	to	decline	and	the	incidence	of	shared	walls	increases	while	associated	conditioning	loads	decrease	(Clark,	2013).	Smaller	spaces	can	also	require	less	lighting	and	have	less	room	for	appliances	and	electronics	that	use	energy	(Senbel,	Church,	Bett,	et	al.,	2010).		A	neighbourhood’s	density	is	strongly	related	to	housing	type	and	size,	important	factors	that	affect	energy	use	(Ko,	2013).	Detached,	single	family	homes	are	the	most	energy	intensive	housing	type	and	are	most	likely	to	be	found	in	low	density	neighbourhoods	(Kellett,	Christen,	Coops,	et	al.,	2013).	Ewing	and	Rong	(2008)	found	that	compact	development	leads	to	approximately	20%	reduction	in	residential	energy	use	and	GHG	emissions	compared	to	sprawl	(Ewing	&	Rong,	2008).		As	part	of	the	2006	long	form	census,	Statistics	Canada	collected	data	on	the	electricity	and	fuel	expenditure	for	20%	of	the	population	(Statistics	Canada,	2012).	Fuel	refers	to	oil,	gas,	coal,	wood	or	other	fuels	(Statistics	Canada,	2006c)	and	is	used	primarily	for	space	heating	and	cooking.		Electricity	is	primarily	used	for	appliances	and	lighting.	Included	in	this	analysis	were	people	who	reported	their	electricity	and/or	fuel	payments	separately	from	their	rent	or	mortgage	payments.	Those	who	reported	zero	expenditure	for	electricity	and	fuel	or	whose	energy	costs	are	included	in	their	rent	or	mortgage	were	excluded.			FIGURE	6	and	FIGURE	7	illustrate	the	annual	energy	expenditure	decrease	in	a	household	with	increasing	residential	density.			The	relationship	between	fuel	expenditure	and	density	is	expressed	by:		
EQUATION 1: Toronto – Residential energy, electricity expenditure 𝐸𝑥𝑝𝑒𝑛𝑠𝑒!"#$%&'$'%( = 1438− 0.01243(𝐷𝑒𝑛𝑠𝑖𝑡𝑦)		





FIGURE 6 Residential density compared to annual residential electricity 
expenditure for the City of Toronto in 2006, r2=0.08 (Author's own graphic based on 
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FIGURE 7 Residential density compare to annual fuel expenditure for the City of 
Toronto in 2006, r2=0.18 (Author's own graphic based on data from Statistics Canada 
2006a; Statistics Canada 2006b) 	Energy	expenditure	is	converted	to	GHG	emissions	using	a	method	established	by	VandeWeghe	and	Kennedy	2007	(VandeWeghe	&	Kennedy,	2007).	TABLE	2	summarizes	the	conversion	factors	used	to	calculate	the	GHG	emissions.		Since	bills	are	per	household	the	average	household	size	for	each	geographic	unit	was	calculated	and	used	to	convert	the	expenditure	to	per	capita.		For	illustration,	the	average	household	size	for	the	City	of	Toronto	in	2006	was	2.8	people	(Statistics	Canada,	2010).			







































FIGURE 8 Annual residential GHG emissions, 2006 (Author's own graphic based on 




















FIGURE 9 Annual and net GHG impact of the Sheppard Subway Line, optimistic 
case ( Author's own graphic based on data from Data ManagementGroup 2001; Data 
ManagementGroup 2006; Data ManagementGroup 2011; © OpenStreetMap contributors 




































































































FIGURE 10 Annual and net GHG impact of the Sheppard Subway Line, less 
optimistic case ( Author's own graphic based on data from Data ManagementGroup 
2001; Data ManagementGroup 2006; Data ManagementGroup 2011; © OpenStreetMap 
contributors 2015; Statistics Canada 2011b; Toronto Transit Commission 2013b; Paris & 


































































































FIGURE 11 Annual and net GHG impact of the Sheppard Subway Line, pessimistic 
case ( Author's own graphic based on data from Data ManagementGroup 2001; Data 
ManagementGroup 2006; Data ManagementGroup 2011; © OpenStreetMap contributors 
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